Mixtures of perennial ryegrass (Lolium perenne L.) and white clover (Trifolium repens L.) sown in alternate rows or in a thoroughly mixed matrix were grazed by sheep, either continuously or during short grazing tests, and were used to investigate the influence of the vertical and horizontal components of the sward structure on defoliation by sheep.
Introduction
The most direct influence of animals on the composition and perenniality of plant communities is through their grazing behaviour (Matches, 1992) . Herbivores may graze one plant species more frequently or more severely than they graze the neighbouring plants (Newman et al., 1995) and, as a consequence, alter the relative abundance of species in the sward (Ridout and Robson, 1991; Marriott and Carrè re, 1998) .
For example, under sheep grazing, it has been demonstrated that a proportionally greater defoliation of white clover than grass occurs (Curll, 1982; Laidlaw and Steen, 1989) , which is caused by a preference for clover Illius et al., 1992) . The sward structure also influences the defoliation process (Black and Kenney, 1984; Stuth et al., 1987; Coleman, 1992; Demment and Laca, 1993; Ungar, 1996) through the sward height (Armstrong et al., 1995) , the density of leaves (Flores et al., 1993; Demment et al., 1995) and the spatial distribution of different forage species (Tainton et al., 1996) . In grass-white clover mixtures, Milne et al. (1982) have shown that the vertical distribution of white clover, which determines its proportion in the grazed horizon, allows the prediction of the proportion of white clover in the diet and may partly explain white clover selection by sheep.
The defoliation flux (D, tissue turnover) can be calculated as the product of the proportion of plant units grazed (P), the defoliation intensity (I, proportion of tissue removed at each grazing event) and the herbage mass (M), i.e.
D ¼ P:I:M ð1Þ
Equation 1 provides a framework for analysing this flux in relation to the sward structure. The actual efficiency of herbage utilization (AEHU), defined as the defoliation flux (D) expressed as a proportion of herbage growth (G) (Hodgson, 1979 ) is equal to: AEHU ¼ ðP:I:MÞ=G and AEHU ¼ P:I=RGR ð2Þ
where RGR is the relative growth rate. For one species, the defoliation flux and the AEHU may therefore be analysed through vertical (intensity of defoliation) and horizontal (proportion of plant units grazed) components and thereby be linked with the sward structure.
With a perennial ryegrass-white clover mixture, Louault et al. (1997) have shown that sheep preferences for white clover do not necessarily result in a decline in white clover content. In this paper, the growth, senescence and defoliation fluxes were measured in a mixture consisting of alternate rows of perennial ryegrass and white clover continuously grazed by sheep. Especially in spring, white clover contributed relatively more to the growth than to the defoliation flux of the mixture. Moreover, the actual efficiency of herbage utilization was less for white clover compared with perennial ryegrass and allowed for the maintenance of a high white clover content over a 3-year period .
In order to gain an understanding of the role of the sward structure in the defoliation of mixed species, using data from the same experiment, we analyse here the components of the defoliation flux during a spring and a summer period, and we investigate the role of the vertical distribution of perennial ryegrass and white clover leaves in the proportion of plant units of these species grazed under continuous sheep grazing at a constant sward surface height.
The horizontal distribution of mixed plant species may also affect their defoliation (Clark and Harris, 1985; Armstrong et al., 1993) . Moreover, differences in sward surface height between components offered side by side is likely to alter the defoliation pattern (Illius et al., 1992; Carrè re et al., 1995) . Therefore, in a complementary experiment, the role of the horizontal distribution of perennial ryegrass and white clover was also assessed by comparing perennial ryegrass-white clover mixtures grown in either alternate rows or a thoroughly mixed matrix. In this complementary experiment, height differences between perennial ryegrass and white clover were reduced by mowing at a constant height before performing short-term (4 h) grazing tests.
Materials and methods
The grazing experiments were located at Theix (Massif Central, France, latitude 45°43¢N; longitude 03°01¢E) at 890 m on a granitic brown soil. The climate is semicontinental, with an average annual precipitation of 760 mm. Mean daily temperatures range from 1°C in January to 20°C in August .
Experiment 1
Full details are given by Louault et al. (1997) but are summarized here. In April 1990, perennial ryegrass (Lolium perenne L.) and white clover (Trifolium repens L.) (subsequently referred to as ryegrass and clover respectively) were sown in alternate rows 14 cm apart. Ryegrass (cv. Preference) was mixed with clover (either cv. Grassland Huia or cv. Gwenda). The experimental design comprised two complete blocks, with two paddocks of 1000 m 2 in each block (one per clover cultivar)
that were continuously stocked with dry ewes (INRA 401, 55 kg live weight on average). During 1992, sward surface height (SSH; HFRO sward stick measurements; Bircham, 1981) was maintained at 6AE7 ± 0AE1 cm in spring and 6AE4 ± 0AE1 cm in summer. Specific heights of ryegrass and clover leaves were recorded. The stocking density used to achieve this management during the two measurement periods is shown in Figure 1 . In each paddock, shortly before the start of each measurement period, 40 replicates of each vegetation unit (ryegrass tillers, clover elongated shoot growing points and clover axillary growing points) were labelled using a loop of plastic-coated wire for ryegrass tillers placed at the base of the tiller (Hodgson, 1966) ; one arm of the loop was extended by 5-7 cm and anchored to the ground with a nail (Arosteguy, 1982) . Clover growing points were marked with a small arch of plastic-coated wire, which was first anchored to the ground without contact with the stolon and then sealed to the stolon with a silicon elastomer (Carrè re et al., 1997) . The marked clover growing points had developed at least one (axillary growing point; AGP) or two (elongated growing point; EGP) fully unfolded leaves and, in the case of EGP, a stolon longer than 20 mm. Defoliation events were recorded during 1992 in spring (8 April-11 May) every 5-7 d and in summer (15 June-15 July) every 3 or 4 d. The frequency of observations was adjusted to the growth of the sward and to the defoliation rate (Carrè re et al., 1997) to minimize the probability of two successive defoliation events occurring on the same vegetative units between two consecutive observations. The tissue turnover method used has been reported in detail previously (Carrè re et al., 1997) and is summarized here. At each observation date, ryegrass lamina and pseudostem lengths and clover lamina and petiole lengths were measured. The status of the leaves (intact, defoliated or dead) was also recorded. For each subperiod (the recording intervals within each measurement period), the proportion of leaves grazed (d )1 ) was calculated from the ratio of defoliated leaves to leaves present. There was one population of ryegrass tillers, and the clover was divided into two populations, one for the elongated (EGP) and one for the axillary growing point (AGP). The proportion of vegetative units grazed (a single tiller or meristem) was calculated from the ratio of defoliated vegetative units (at least one leaf defoliated during the subperiod) to vegetative units present. The defoliation intensity was determined as the proportion of lamina length (ryegrass) or lamina area (clover) removed at each defoliation event. Calculations for growing leaves took into account the growth of laminae in length (ryegrass) or in area (clover) measured simultaneously with ungrazed leaves (Carrè re et al., 1997) . During the summer period, the average sward surface height (SSH) of a square of 25 · 25 cm, in which labelled units were located, was measured (20 measurements; HFRO sward stick; Bircham, 1981) , and the squares were classified into one of three categories: short (SSH < 8 cm); medium (8 < SSH < 12 cm); or tall (SSH > 12 cm).
Experiment 2
A comparison was made between two Lolium perenne L.-Trifolium repens L. mixtures. In the STRIP structure, ryegrass was sown in rows 32 cm apart, with clover broadcast separately in between the rows. In the MIX structure, ryegrass rows were 16 cm apart with clover broadcast in between, which became thoroughly mixed with the grass. In 1995, from May to mid-July, a rotary blade lawnmower was used every 2-3 d to maintain a similar surface height of 6AE5 cm for both species. Species surface heights were measured with the HFRO sward stick (90 points per paddock), and each measured point (2 cm 2 area) was classified into one of three categories: pure clover, pure ryegrass or mixture. These data were used to estimate the area of mixed and pure swards.
One month before the start of the experiment, nine ewes (INRA 401) were placed into three groups. Twelve grazing tests in STRIP and MIX were carried out with one group of three ewes to each 200-m 2 paddock. Each group performed four grazing tests on each sward type. For each test, the ewes were introduced into the paddock 4 h before sunset. The grazing activity of each ewe was recorded visually every 5 min, and the group was removed when 315 cumulated minutes of grazing were achieved to ensure similar stocking rates for all grazing tests. Before the grazing test, 80 clover growing points and 80 ryegrass tillers were labelled in each paddock, and the immediate neighbourhood (10 cm 2 ) of each labelled vegetative unit was identified as either pure or mixed sward. Immediately before and after the grazing test, the labelled vegetative units were observed to detect any defoliation event. The proportion of vegetative units grazed during a test was calculated as the ratio of the number of defoliated to observed vegetative units.
Above-ground herbage mass was measured four times on four 32 · 16 cm quadrats per paddock. Each sample was separated into two layers (0-3 cm above ground and above 3 cm) and separated into clover, ryegrass and dead material. Subsamples were oven dried (48 h at 80°C) and weighed. The densities of ryegrass tillers (vegetative or reproductive) and clover growing points (elongated or axillary) were also recorded from these quadrats.
Statistical analysis
In Experiment 1, analysis of variance (ANOVA ANOVA) was performed on the means per paddock for all subperiods (five and seven subperiods for the spring and summer measurement periods respectively). In a first step, ANO-ANO-VA VA were performed separately for each grazing period (season) and each vegetation unit (tillers, EGP and AGP), with the clover variety, the block and their interactions as factors. No significant effect at the P < 0AE05 level was found for either the clover variety or the block. In subsequent analysis, these factors were combined, and the data consist of means for each of the four paddocks (two blocks and two clover varieties; Carrè re et al., 1997). In a second step, data for each vegetation unit type were pooled, and ANOVA ANOVA was performed to assess the effects of the grazing period (season), the vegetation unit type and the defoliation status of the leaves (Tables 1-3) .
Because the stocking density varied with time, a standardized proportion of plant units grazed for a stocking density of 25AE5 animals ha )1 was calculated to correspond with the average stocking rate applied to reach the SSH target in 1992 (Carrè re et al., 1997). This calculation was made simply by multiplying the proportion of plant units grazed values by 25AE5 and dividing by the actual stocking density. There were no repeated measurements in Experiment 2 because the plots were mown before each grazing in order to obtain a uniform sward surface height and because different ewes were used for different replicate tests. As there was no significant effect of the animal group, each grazing test was treated as a replicate. The results presented are calculated as an average of the 12 repetitions. Comparisons between the two sward structures were made by t-test.
All data analyses were performed with the STATGRAPH-
STATGRAPH-

ICS ICS PLUS
PLUS statistical package (Manugistics, version 6.1, 1992, Rockville, USA).
Results
Proportion of plant units grazed
Leaf population
The proportion of ryegrass leaves grazed was greater than that for either EGP or AGP clover leaves (Table 1 ). The proportion of ryegrass leaves grazed was greater in spring than in summer, whereas the converse was true for the EGP and AGP leaves. Each of the three leaf populations was composed of two sub-populations: the intact leaves (never defoliated) and the leaves already defoliated because of the continuous presence of animals in the paddock. A higher proportion of intact leaves was grazed than leaves already defoliated for the three populations considered (Table 1) . There was also a significantly greater proportion of the first two youngest ryegrass leaves grazed (P < 0AE05; s.e.m. 0AE008) compared with older green leaves. The corresponding differences for the EGP or AGP clover populations were not significant (data not shown).
During spring, the proportion of the EGP and AGP leaves grazed increased ( Figure 2a ). The decline observed for ryegrass leaves during the second subperiod (Figure 2a ) occurred because the animals were removed from plots for a few days during the subperiod because of a cover of snow (Figure 1) . By the end of the experiment, the values for the proportion of leaves grazed returned to the values observed at the beginning. During the summer observation period, a sharp decline in the proportion of leaves grazed was measured for the three leaf populations (Figure 2b ). The probability levels of the main factors (population unit, season, leaf status) and of their interactions were tested by ANOVA ANOVA.
NS, not significant. Significant effects at *P < 0AE05, **P < 0AE01 and ***P < 0AE001.
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Assuming a linear relationship between the proportion of leaves grazed and the stocking density, the proportion of leaves grazed standardized for an average stocking density of 25AE5 ewes ha )1 was calculated. The standardized values were relatively constant for ryegrass leaves during the spring period, whereas there was always an increase for EGP and AGP (Figure 3a) . In summer, a decline in the standardized values appeared only during the second part of the measurement period ( Figure 3b ).
Vegetation units
The average proportion of vegetation units grazed was also calculated (Table 2) . A vegetation unit was considered as defoliated when at least one leaf had been defoliated. The ratio of the proportion of leaves grazed (Table 1) to the proportion of vegetation units grazed (Table 2 ) is equal to the fraction of leaves that are defoliated in each vegetation unit. For all types of vegetation units (ryegrass tillers, clover EGP, clover AGP) and for both seasons, this ratio is relatively constant, showing that around half the leaves of a defoliated vegetation unit were defoliated. When the thermal time (°C d) was taken into account, there were sharp differences in the defoliation interval between spring and summer. When the phyllochron values (Table 2) were compared with The probability levels of the main factors (population unit, season) and of their interactions were tested by ANOVA ANOVA. The same abbreviations as in Table 1 . Significant effects at *P < 0AE05, **P < 0AE01 and ***P < 0AE001. The probability levels of the main factors (season, leaf status) and of their interactions were tested by ANOVA ANOVA. The data (proportions) were transformed (by the arcsin of the square root) prior to ANOVA ANOVA. Same abbreviations as in Table 1 . Significant effects at *P < 0AE05, **P < 0AE01 and ***P < 0AE001. the defoliation interval (°C d), it was found that, for ryegrass tillers, leaves were lost before the appearance of new ones in spring, but not in summer. In contrast, the defoliation rate of clover leaves was always lower than the appearance rate. In summer, the defoliation rate was lower for all types of vegetation units.
Defoliation intensity
Leaf population
The defoliation intensity was relatively constant for ryegrass leaves (close to 0AE57), with no significant differences between leaf status (intact or already defoliated) or seasons (Table 3 ). The defoliation intensity was more severe for clover leaves, close to 0AE70 and 0AE80 for the AGP and EGP leaves respectively (Table 3) . Moreover, clover leaves (especially the AGP leaves) were more intensively defoliated in summer. Clover leaves previously defoliated were fully defoliated after the second defoliation event.
Vegetation units
The intensity of defoliation for the total ryegrass tiller was in the range of 0AE36-0AE38, depending on the season. During spring, the intensity of defoliation of the clover growing points increased in relation to the increase in leaf size. At the beginning of spring, the defoliation intensity of a growing point was close to 0AE20 for EGP and AGP, and it increased up to 0AE60 for EGP and 0AE52 for AGP in early summer (data not shown).
Sward structure (Experiment 1)
During the spring period, the average height of the clover rows increased (Figure 4) , whereas that of the ryegrass rows declined. As a consequence, the height differences between ryegrass and clover rows decreased during spring and remained stable in summer.
Vertical structure of the sward
During the spring period, the average ratio of the proportion of clover to ryegrass leaves grazed was always below 1AE0. This ratio was negatively correlated with the differences in surface height of ryegrass and clover rows (n ¼ 19, r 2 ¼ 0AE54, P < 0AE001) ( Figure 5 ). In summer, the differences in height between ryegrass and clover rows declined to 2AE0 ± 0AE1 cm ( Figure 4) and, under these conditions, there was no significant relationship between the proportion of plant units grazed and the difference in height between ryegrass and clover rows (data not shown). The vertical distribution of the ryegrass and clover leaves in the mixed canopy was also estimated from the extended length distribution of individual leaves ( Figure 6 ). For ryegrass leaves as well as for clover EGP and AGP leaves, the extended length distribution was skewed towards low values, indicating that there were fewer leaves in the top compared with the bottom canopy layers (Figure 6 ). Clover leaves were markedly Relationship between the ratio of (a) the proportion of elongated growing point (EGP) of white clover (WC) to perennial ryegrass (RG) leaves grazed and (b) the proportion of axillary growing point (AGP) of white clover to perennial ryegrass leaves grazed and the surface height differences between perennial ryegrass and white clover rows during spring. The solid line indicates a negative linear correlation (a:
concentrated in the lower strata of the canopy: in spring; 75% of the leaves were shorter than 20 and 30 mm for AGP and EGP respectively.
During spring, the distribution of the population of leaf lengths contrasted with the distribution of that of the defoliated leaves (Figure 6a ). The differences in length between the population of defoliated and all leaves reached 12 ± 3, 20 ± 5 and 22 ± 7 mm for the ryegrass, EGP and AGP leaves respectively. During summer, this contrast persisted for the two distributions of ryegrass (10 ± 1 mm) and AGP (5 ± 8 mm) leaves (Figure 6b ). However, for the same period, the two distributions for EGP leaves were similar, which indicated that, during summer, the leaves were defoliated proportionally to their relative presence in a given strata.
The proportion of leaves grazed was calculated for 10-mm length classes as the ratio between the number of leaves defoliated to the total number of leaves (Figure 7) . A positive relationship between the proportion of leaves grazed and leaf length was apparent during spring (Figure 7a ) for all the vegetation units. For AGP, the longer the leaves, the greater the proportion of leaves grazed. This positive correlation was found for EGP at a range of lengths between 0 and 70 mm, and up to 120 mm for ryegrass. However, above these thresholds, no correlation was observed between the proportion of leaves grazed and leaf length. Less than 0AE05 of the ryegrass leaves were longer than 120 mm in spring, and less than 0AE035 of the EGP leaves were longer than 70 mm. In spring, for leaves of the same length class (between 0 and 70 mm leaf length), the proportion of EGP and AGP leaves grazed was greater than that of the ryegrass leaves (Figure 7a ). However, during summer (Figure 7b ), the proportion of leaves grazed and the leaf length class were no longer correlated, and the proportion of leaves of ryegrass and clover grazed were similar, except for the lowest strata (<20 mm).
Sward structure (Experiment 2)
Horizontal structure of the sward
In the STRIP swards, the area with pure clover accounted for 0AE26 of the ground cover (Table 4) . In contrast, in the MIX swards, there was no pure clover, and clover was completely mixed with grass. The mean sward surface height was never significantly different Figure 6 Distribution frequencies for 10-mm leaf length classes of all (horizontal bars) and of defoliated (.) leaves for perennial ryegrass, elongated and axillary growing points of white clover during spring (a) and summer (b) measurement periods. The relative frequency was calculated for both all leaves and defoliated leaves as the ratio between the leaf number in a horizontal layer and the total leaf number.
Grazing in relation to vertical and horizontal structure of a grass/clover sward 125 between the STRIP and the MIX swards (Table 4) . However, in the STRIP swards, the clover height was slightly but not significantly less than in the MIX sward. Nevertheless, these height differences between species were not greater than 0AE6 cm for six out of the 12 grazing tests. The density and biomass of ryegrass tillers was significantly greater in the MIX compared with the STRIP swards, but such differences were not observed with clover (Table 4 ). The biomass in the top layers of the sward (top 3 cm) was significantly greater for the ryegrass in the MIX swards and for the clover in the STRIP swards. Nevertheless, no significant differences in the bulk density of the top layer were observed between the STRIP and MIX swards.
In STRIP swards, clover growing points located in the pure strips were equally defoliated as those mixed with ryegrass (0AE26 ± 0AE03 vs. 0AE30 ± 0AE03; NS). In mixed patches of the STRIP sward, clover was also more defoliated than ryegrass: 0AE30 ± 0AE03 and 0AE18 ± 0AE03 respectively (P < 0AE05). The average proportion of leaves grazed for the STRIP treatment was therefore calculated as an average of all growing points. On average, a similar proportion of the labelled plant units was defoliated in the STRIP (0AE22) and in the MIX (0AE20) swards. The proportion of leaves grazed was significantly higher for clover growing points compared with the ryegrass tillers in both sward types (Table 4 ). The mean ratio of the proportion of clover to ryegrass leaves grazed reached 2AE0 and 2AE9 under STRIP and MIX treatments respectively (P ¼ 0AE08).
Discussion
Proportion of plant units grazed and sward structure in a horizontal plane
Impact of the daily area grazed
Two hypotheses could account for the decline in the proportion of all vegetation units grazed during the summer period in Experiment 1.
First, for a sward of the same height, the bulk density of the grazed layer is greater in summer than in spring. Therefore, the quantity of herbage per bite is also greater (Black and Kenney, 1984; Laca et al., 1992; Prache and Peyraud, 1997) , and the number of bites needed to achieve the diet is less (Penning et al., 1991) . As a consequence, each animal was likely to visit a smaller area to achieve its daily diet. Viewed at the scale of an individual tiller or clover growing point, as the area defoliated each day was less and the density of vegetation units greater , the proportion of vegetation units grazed would decline. Such changes in the daily grazed area would affect all vegetation units in the same way and therefore could not account for the contrasting changes during the spring measurement period (Figure 3a) in the proportion of leaves grazed from ryegrass tillers and from clover EGP.
Secondly, in summer, a greater proportion of the marked vegetation units was located in tall patches that were less frequently defoliated (Carrè re et al., 1997). The proportion of ryegrass leaves grazed was approximately halved from 0AE043 ± 0AE008 to 0AE020 ± 0AE010 d between short (SSH < 8 cm) and tall patches (SSH > 12 cm). The same observation was made for the proportion of EGP (0AE052 ± 0AE008 to 0AE021 ± 0AE010 d , calculated for 10-mm leaf length classes during the spring (a) and summer (b) measurement periods. The proportion of leaves grazed in each leaf length class was calculated as the ratio of the number of defoliated leaves to the total number of leaves.
(Carrè re, 1994). There was, however, no significant interaction between patch height and the proportion of leaves grazed from the three types of vegetation units (tillers, EGP and AGP). Therefore, neither the changes in stocking density nor the gradual appearance of a surface height heterogeneity accounted for the significant interaction observed between the proportion of leaves grazed in the two seasons and the type of vegetation unit (Table 1) .
Impacts of horizontal structure
The role of the horizontal structure of the sward was tested more rigorously in Experiment 2. Apart from the degree of mixing between ryegrass and clover, the sward height as well as the height of the individual species were similar in the two swards (Table 4 ). The clover growing point density was also not significantly different between STRIP and MIX swards. However, the ryegrass tiller density, total biomass and biomass of laminae in the grazing layer were all greater in the MIX than in the STRIP swards. As a consequence, the clover content in the grazed layer was approximately doubled in STRIP compared with MIX swards (0AE40 and 0AE19 respectively). Nevertheless, despite these differences in clover content, the proportions of ryegrass tillers and clover growing points grazed were not significantly affected by the STRIP and MIX treatments (Table 4) . In both treatments, the mean ratio of the proportion of clover to ryegrass leaves grazed was greater than two. Therefore, it appears that the degree of mixing between ryegrass and clover (i.e. the horizontal structure of the sward) did not affect diet selection by sheep to any large extent.
There was, however, a trend (P ¼ 0AE08) for a lower degree of selection for clover in the STRIP compared with the MIX treatment. These results contrast with those of The results are the mean and standard error of 12 replicate grazing tests. Differences between treatments were compared by a paired t-test. NS, not significant. Significant effects at **P < 0AE01 and ***P < 0AE001. Clark and Harris (1985) , who found that clover was more preferred in strips. In our study, this might be explained by the higher clover content in the grazed layer from the STRIP compared with the MIX treatment (0AE40 and 0AE19 respectively) (Armstrong et al., 1993) and by the slightly lower surface height of clover compared with ryegrass in the STRIP treatment (Carrère et al., 1995) . There were no pure clover patches in the MIX swards, and the proportion of ryegrass leaves grazed was significantly (P < 0AE05) greater in the mixed compared with the pure ryegrass patches. Thus, selection for clover in this treatment resulted partly from partial avoidance of the pure ryegrass patches, which accounted for approximately one-third of the ground cover. In the STRIP swards, the ewes grazed the pure clover more often compared with the pure ryegrass strips (P < 0AE01), and clover was also defoliated more often than ryegrass in the mixed patches (P < 0AE05). These results show the capacity of sheep to change the composition of their diet by selecting between patches (or strips) containing different species and, moreover, by defoliating clover within small patches (approximately 10 cm 2 ) consisting of apparently thoroughly mixed ryegrass and clover.
Defoliation and vertical sward structure
Intensity of defoliation
The intensity of defoliation corresponds to the vertical component of the defoliation process and can therefore be greatly influenced by sward height. The values of the defoliation intensity of ryegrass leaves measured in our conditions in Experiment 1 (0AE60 of the extended leaf length) were similar to those measured by Wade (1991) and Mazzanti (1990) for tall fescue. With a grass species, estimation of the defoliation intensity in terms of length leads to an overestimation of the fraction of the leaf area that is lost (Carrè re, 1994) . For the same defoliation intensity in terms of length, the area lost is smaller for an intact leaf (triangular shape) than for a leaf that has already been defoliated (trapezoidal shape). This could have resulted in an underestimation of the differences in defoliation intensity between ryegrass and clover (Table 3) .
Impacts of the surface height of ryegrass and clover rows on the defoliation probability Some changes in the heights of the ryegrass and clover rows occurred during the measurement periods in Experiment 1 (Figure 4 ). During the spring period, the ratio of the proportion of ryegrass and clover leaves grazed was negatively correlated with the difference in surface height between ryegrass and clover rows ( Figure 5 ). When the surface height of ryegrass rows was greater than that of clover rows by 3AE0 cm or more, ryegrass leaves appeared to be selectively defoliated. During the summer period, the differences in height between the ryegrass and clover rows declined to 2AE0 ± 0AE1 cm (Figure 4b) , and clover leaves from the elongated growing points were preferentially defoliated (Figure 3b) . In contrast to the horizontal distribution (degree of mixing), the vertical distribution (surface height of the rows) of ryegrass and clover leaves apparently affected the proportion of ryegrass and clover leaves grazed and, therefore, the diet selection of the sheep. Louault et al. (1997) reported previously that white clover contributed relatively less to the defoliation flux than to the growth of the mixture. During the spring and summer measurement periods, the contribution of white clover to the defoliation flux of the mixture reached 0AE48 and 0AE84, respectively, of its contribution to the growth flux. Moreover, in spring, the actual efficiency of herbage utilization (AEHU) reached 0AE91 and 0AE23 for ryegrass and clover, respectively, whereas the corresponding values were 0AE58 and 0AE33 in summer .
From Equation 2, the AEHU can be broken down into three components: the proportion of plant units grazed (P), the intensity (I) of defoliation and the relative growth rate (RGR). The above-ground RGR was always greater for clover (without stolons) than for ryegrass in this experiment , and this contributed to the low AEHU values reported for clover. In contrast, the defoliation intensity was always greater for clover than for ryegrass leaves (Table 3) . During spring, this greater defoliation intensity was outweighed by the low proportion of clover leaves grazed (Figure 3a) , whereas in summer, a greater proportion of clover leaves from EGP were grazed than ryegrass leaves (Figure 3b) .
During spring, differences in species between the proportion of ryegrass and clover leaves grazed were correlated ( Figure 5 ) with the large differences (more than 5AE5 cm at the beginning of spring) between the heights of ryegrass and clover rows. In summer, in the absence of a large difference in surface height between ryegrass and clover rows, the proportion of the clover EGP leaves grazed became greater than that of ryegrass tillers. Changes in the vertical distribution of leaves affects the efficiency of ryegrass and clover utilization by sheep and, therefore (see Louault et al., 1997) , the balance between the species.
Relationships between the length distribution of leaves and the proportion of leaves grazed Ryegrass leaves were, on average, more frequently defoliated than clover leaves in Experiment 1 (Table 1) .
Clover AGP leaves were also less frequently defoliated than those of EGP. Such differences could be related to (i) leaf vertical distribution; (ii) leaf age; and (iii) diet selection by sheep (see Parsons et al., 1991) . For example, younger leaves were positioned close to the upper layer of the sward and were thus more accessible to the grazing animal. Moreover, differences in the proportion of leaves of ryegrass and clover grazed were more obvious in spring when clover growth was low. The increase in the proportion of clover leaves grazed during spring was significantly correlated (P < 0AE001) with the increase in the size of the petioles (r 2 ¼ 0AE69 and r 2 ¼ 0AE61 for EGP and AGP respectively). The proportion of leaves that had already been defoliated that were grazed was lower than that of intact leaves, presumably because their length was reduced by the previous defoliation events (Table 1) . The contrast between the extended length distribution of the total leaf population and the length distribution of the defoliated leaf population ( Figure 6 ) was indicative of the accessibility of the leaves in the sward. During the spring period, a lag between these two distributions was apparent for the three categories of leaf (tiller, EGP and AGP). A positive correlation between the proportion of leaves grazed and the extended leaf length was also observed in spring for these three categories of leaf (Figure 7a) .
The difference in surface height between clover and ryegrass rows was reduced in summer compared with spring (Figure 4) , except for short ryegrass leaves (< 50 mm) and, in summer, there was no relationship between the proportion of leaves grazed and the leaf length class (Figure 7b ). The majority of the leaves were concentrated in strata that were easily accessible and, consequently, the animals defoliated these leaves proportionally to their presence in the strata. For a given leaf length class, EGP and AGP leaves shorter than 80 and 50 mm in spring and summer, respectively, had a higher proportion of leaves grazed than ryegrass leaves. This could indicate that, for the same height in the canopy, clover leaves were indeed selected by sheep. However, for a given extended leaf length, ryegrass leaves may in fact be lower in the canopy than clover leaves. This could also explain why ryegrass leaves were, on average, less frequently defoliated than clover leaves of the same extended length.
In conclusion, this study shows for continuously grazed ryegrass-clover mixtures that the differential defoliation of species varies according to the vertical distribution of leaves but, at least under our experimental conditions, is little affected by the horizontal structure of the canopy. When grazed by sheep, which have a high capacity for selective grazing, the degree of mixing between ryegrass and clover has little effect on the pattern of species defoliation, apparently because sheep are able to discriminate not only among patches with or without white clover but also to select for clover within small patches where the two species are mixed. Even small differences in surface height between mixed species affected diet selection by sheep. Therefore, more attention should be paid in future to the role of the vertical distribution of leaf height within mixed canopies and its consequences for defoliation and regrowth.
